Making robots intelligent means rendering them capable of reasoning about their environment, planning to achieve goals, enacting plans in the real world, and reacting to unforeseen events. The field of artificial intelligence (AI) was born of the need to provide these skills, and has since branched into different sub-disciplines, including perception, knowledge representation and reasoning, planning, interaction, and learning. Research in these fields has led to fantastic innovations, many of which have been featured in special issues of the KI journal. Yet, despite more than half a century of innovations, AI has not fully achieved the promise of making robots intelligent. Researchers in AI have clustered around abstractions of real-world problems. Often, these reflect simplifying assumptions that do not hold in the case of physically situated and embodied robot systems. Difficult and diverse challenges emerge from the need to use AI methods with and for robot systems, including bridging the percept-symbol gap, interacting with and learning from humans, integrating task and motion planning, and combining systems to build complete robotic solutions.
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Several of the above challenges are represented in the technical papers collected in this special issue. Neubert et al. investigate hyper-dimensional computing to perform symbolic operations in different robot tasks including object recognition, place recognition, and learning of simple reactive behaviours. Sridarahn and Meadows cover topics related to how robots explain themselves when collaborating with humans. In their paper, they present a theory of explanations, an architecture that implements the theory on robots, as well as simulated robot experiments. The complex process of building a complete robot system that interacts with humans in a domestic environment is described by Lima et al., while Basiri et al. contribute their experience in systematically evaluating and benchmarking service robots through organising recurrent competitions under the European Robotics League.
In his recent PhD thesis, Wulfmeier focused on datadriven machine learning approaches in relation to how robots learn to perceive and act in their environment. In particular, he studied the problem of supervision for robot learning via imitation, simulation and adaptation. His dissertation abstract is included in this special issue.
The combination of AI methods and physical robot systems is paramount to industrial applications. This special issue includes three testimonials from industry related to AI transfer. Davies describes where we are and what is missing to achieve effective warehouse automation solutions, while Amend et al. illustrate the challenges and opportunities for AI in weed management. The perspective of Volvo Trucks is provided by Götvall, who describes the challenges facing industrial production and how academia and industry can address them in cooperation.
In her discussion, Kirsch provides an academic perspective on the problem of combining AI methods and physical robot systems. She questions the assumptions commonly made in robotics and AI, and discusses how to foster step changes in these research communities.
Finally, this special issue features an interview with Aaron Sloman, whose work has provided key insights for reintegrating AI and robotics. He reflects here on the design principles of robots and the need for adequate learning mechanisms, and how these are related to embodiment. Further, he talks about the testability of robot intelligence, real-world applications, and future challenges in the field.
The contributions collected in this special issue can be read from three different perspectives: that of an AI researcher interested in developing methods for use in real robot systems; that of a roboticist who wants to know what AI can do for his or her robot; last, but certainly not least, that of a practitioner who is interested in intelligent robotic solutions for solving real-world problems. Whichever category describes you best, we thank you for reading, and we hope that this special issue of the KI journal will stimulate your future work!
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This special issue is composed of technical contributions, doctoral dissertation abstracts, AI Transfer articles, a discussion, and an interview. Published contributions are from research labs and companies located in Portugal, Sweden, United Kingdom, and Germany. 
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